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(54) Amplifier circuit 

(57) An amplifier circuit comprises a differential am- 
plifier (102) configured by a differential pair of transis- 
tors, a common emitter amplifier (1 01 ) connected in par- 
allel to the differential amplifier and configured by a pair 
of common-emitter configuration transistors, input and 



output terminals (Vin, vout) which are common to the 
differential amplifier and the common emitter amplifier, 
and a bias controller (201 ) connected to the differential 
amplifier and the common emitter amplifier and config- 
ured to control a bias of at least one of the differential 
amplifier and the common emitter amplifier. 
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Description 



[0001 ] The present invention relates to an amplifier circuit, particularly to an amplifier circuit including a problem such 
that a distortion occurs in spread spectrum communication. 

[0002] There will now be described a linear amplifier as one example of a conventional amplifier circuit. The linear 
amplifier inputs a low level signal, linearly amplifies the signal, and subsequently outputs a desired signal. In general, 
the linear amplifier comprises a differential amplifier. When the differential amplifier is supplied with a voltage signal 
and outputs a current signal, a load resistor converts the current signal to a voltage. A current gain of the differential 
amplifier in voltage-to-current conversion is represented by the following equation using V in as an input signal amplitude. 



is 



20 



25 



55 



Al 2 = A - tanhf (1) 



1 2V tJ 



Here A denotes a current value of a constant current source of a differential pair of transistors, and VT denotes a 
jhermal voltage. When tanhox is approximated, tanhux =x-x 3 /3 can be represented. Therefore, the equation (1 ) can 
be represented as follows. 



f 

Alj = A 



Vin 1 f V in'| 3> 
2V T 3^2V T J 



(2) 



Here a second term indicates a distortion component. Particularly a third-order intermodulation distortion (IM3) poses 
a largest problem as an adjacent channel leakage power of the signal in a spread spectrum radio system. The distortion 
is generated by presence of the term. Since VT is 26 mV at room temperature, and when IM3 is lowered to -60 dBc 
or less as a condition for distortion reduction, V in needs to be 2.8 mV or less. Therefore, the aforementioned linear 
30 amplifier has a reduced distortion only when the input signal amplitude is very small. The linear amplifier cannot be 
utilized in an amplifier in which a signal to be handled is large in a range of 10 mVpp to 1 Vpp : particularly in a power 
amplifier. 

[0003] The third-order intermodulation distortion as a main factor of distortion of the amplifier increases when an 
output power is increased. Therefore, in order to amplify the signal at the reduced distortion, a method of reducing the 
35 output power per one stage of the amplifier and obtaining a gain by a multi-stage structure of an amplifier is used. 
However this poses problems such as an increase of power consumption, increase of a mounting area by an increase 
of the number of chips, and cost increase. 

[0004] It is an object of the present invention to provide an amplifier circuit in which the third-order intermodulation 
distortion is inhibited without suppressing the output power. 
40 [0005] According to a first aspect of the invention, there is provided an amplifier circuit comprising: a differential 
amplifier configured by a differential pair of transistors; a common emitter amplifier connected in parallel to the d ; "er- 
entiai amplifier and configured by a pair of common-emitter configuration transistors; input and output terminal v ■ a 
are common to the differential amplifier and the common emitter amplifier, an input signal being input to trie input 
terminals and an output signal output from the output terminal; and a bias controller configured to control a bias of at 
least one of the differential amplifier and the common emitter amplifier. 

[0006] According to a second aspect of the invention, there is provided an amplifier circuit comprising: a first amplifier 
whose input-lo-output characteristic indicates a hyperbolic tangent function characteristic; a second amplifier whose 
input-to-output characteristic indicates an exponential characteristic, the second amplifier being connected in parallel 
to the first amplifier, input and output terminals which are common to the differential amplifier and the common emitter 
so amplifier; and a bias controller configured to control a bias of at least one of the first and second amplifiers. 

[0007] This summary of the invention does not necessarily describe all necessary features so that the invention may 
also be a sub-combination of these described features. 

[0008] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 



FIG. 1 is a block diagram showing a basic configuration of an amplifier circuit according to a first embodiment. 
FIG. 2 is a circuit diagram showing a configuration of the amplifier circuit according to the first embodiment. 
FIG. 3 is a block diagram showing the basic configuration of the amplifier circuit according to a second embodiment. 
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FIG. 4 is a circuit diagram showing the configuration of the amplifier circuit according to the second embodiment. 
FIG. 5 is a circuit diagram showing a configuration of a bias level control circuit 201 of FIG. 4. 
FIG. 6 is a circuit diagram showing another configuration of the amplifier circuit according to the second embodi- 
ment. 

FIG. 7 is an output signal spectrum diagram when a two-tone signal is inputted to the circuit of FIG. 4. 
FIG. 8 is a signal spectrum diagram of respective collector currents of transistors Q T1 , Q E1 , Q C1 when the two- 
tone signal is inputted to the circuit of FIG. 4. 

FIG. 9 is a diagram of power signal input/output characteristics (desired wave and IM3) of the circuit of FIG. 4 and 
a conventional circuit. 

FIG. 10 is a circuit diagram showing a circuit configuration in which the second embodiment is applied to a mixer 
circuit. 

FIG. 11 is a circuit diagram of another example including the circuit configuration of FIG. 2. 
FIG. 12 is a circuit diagram of another embodiment comprising the circuit configuration of FIG. 4. 
FIG. 13 is a circuit diagram of another embodiment in which the circuit configuration of FIG. 4 is applied to a single- 
phase signal input circuit. 

FIG. 14 is a circuit diagram of another embodiment showing a concrete circuit configuration of FIG. 3. 

FIG. 15 is a block diagram showing the basic configuration of the amplifier circuit according to a third embodiment. 

FIG. 1 6 is a block diagram showing the basic configuration of the amplifier circuit according to a fourth embodiment. 

[0009] According to an amplifier circuit of the present invention, the voltage signal input-toKXjrrent signal output 
characteristic of one of two signal amplifiers connected in parallel with each other indicates the exponential character- 
istic. The voltage signal input-to-current signal output characteristic of the other of the signal amplifiers indicates a 
hyperbolic tangent function characteristic. The amplifier of the hyperbolic tangent function characteristic can be realized 
by a differential amplifier as represented by the equation (1). 

[0010] On the other hand, the amplifier of the exponential characteristic can be realized by common-emitter transis- 
tors. In this case, when a current gain during a certain biasing in the common-emitter amplifier is Al 2 , the following 
equation results. 



30 



AI2 = B e^) 



(3) 



Here. B denotes a constant. When the common-emitter amplifier is used for a differential signal, and the exponential 
35 function is developed, the current gain is represented by the following equation. 



40 



AI 2 = 2B 



2V T 6^2V X> 



3\ 



(4) 



A second term of the equation (4) denotes IMS, but a coefficient is positive, while the coefficient is negative in the 
equation (2). 

[0011] Since the signal amplifier circuit having the exponential characteristic and the signal amplifier circuit having 
45 the hyperbolic tangent function characteristic are connected in parallel with each other, a combined output current Al 
is represented as follows from the equations (2) and (4). 



50 



AI = Al x + AI 2 = (A + 2B) 

On a condition of B = A, the following equation results. 



2V T J I 3 A 2V T 



(5) 
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An ideal power amplifier is obtained in which a distortion term is completely cancelled and a desired signal is amplified 
[001 2] Embodiments of the present invention will be described hereinafter with reference to the drawings. 
[001 3] FIG. 1 is a block diagram showing a basic configuration of an amplifier circuit according to a first embodiment. 
In FIG. 1 a signal is inputted via an input signal terminal V jn , and outputted via an output signal terminal V^. The 
amplifier circuit of the first embodiment comprises two signal amplifier circuits connected in parallel with each other, 
and a signal input terminal and signal output terminal are common with the circuits. One of the two signal amplifiers is 
an amplifier (hereinafter referred to as "exponential circuit") 1 01 whose signal input/output characteristic (voltage signal 
input current signal output characteristic) is substantially an exponential characteristic, and the other is an amplifier 
(hereinafter referred to as tanh circuit") 102 which substantially has a hyperbolic tangent function characteristic. 
[0014] FIG. 2 is a circuit diagram showing a concrete configuration of the amplifier circuit of FIG. 1 . A differential 
amplifier of bipolar transistors Q T1 and Qj 2 corresponds to the tanh circuit, and a variable current source I, comprises 
a common current source of the differential pair of transistors. Common-emitter bipolar transistors Q E1 and cor- 
respond to the exponential circuit, and respective emitters thereof are grounded via a variable voltage source V 1v 
Base terminals of the transistors Q T1 and Q E1 are connected to a signal input terminal and the bases of the tran- 
sistors Ot 2 and Q E2 are connected to a signal input terminal D 2 . A differential signal is inputted via the terminals D 1 
and D 2 . Collector terminals of the transistors Q T1 and Q E1 are connected as a common terminal to a signal output 
terminal l out1 , and the collectors of the transistors and Q E2 are connected as the common terminal to a signal 
.output terminal l out2 . 

[0015] It is assumed that a current value of the variable current source I, of the differential pair of transistors Q X1 
and Q X2 is l E1 . In this case, a coefficient A of equation (1) substantially indicates a value of l E1 . On the other hand, it 
is assumed that a voltage value of the variable voltage source for determining emitter potentials of the common- 
emitter transistors Q E1 and Q K is V E1 . Moreover, the signal input terminals D, and D 2 are fixed at a predetemiined 
bias potential V B1 , and a coefficient B of equation (3) indicates a value determined by V B1 and -V E1 . The potential V E1 
is adjusted so as to be B = A. A distortion term therefore is cancelled as shown in equation (6), and a current charac- 
teristic having an inhibited third-order intermodulation distortion is obtained. 

[0016] As described above, the voltage value V E1 of the variable voltage source V n is changed, and the value is 
adjusted to be optimum so that the equation (6) is obtained. In an alternate method, an optimum value of an emitter 
size or an optimum value of the number of transistors is estimated with respect to the transistors Q T1 , Q T2 , Q E1 and 
Q E2 in a design stage, and I., , may be designed as fixed sources. 

[0017] Additionally, the first embodiment has been described using the bipolar transistors Q T1 and Q T2 as the tran- 
sistors comprising the differential amplifier corresponding to the tanh circuit, but the transistors comprising the differ- 
ential amplifier are not limited to the bipolar transistors, and MOS type field effect transistors or Schottky junction type 
field effect transistors may be used. Moreover, the current source l t and voltage source correspond to bias con- 
trollers configured to control bias levels of the tanh circuit and exponential circuit, respectively. 
[0018] FIG. 3 is a block diagram showing the basic configuration of the amplifier circuit according to a second em- 
bodiment. The same structure elements as those of FIG. 1 are denoted with the same reference numerals as those 
of FIG. 1 . The second embodiment is different from the embodiment of FIG. 1 in that a bias level control circuit (bias 
controller) 201 is connected to the exponential circuit 1 01 and tanh circuit 102. 

[0019] FIG. 4 shows another embodiment for realizing the concrete circuit configuration of FIG. 3. The transistors 
Q T1 and Oj 2 comprise a differential transistor circuit, and the constant current source I, comprises a common current 
source of the differential pair of transistors. The transistors Q E1 and Q E2 are common-emitter transistors whose emitters 
are grounded. The bases of the transistors C- n and Q E1 are connected to the signal input terminal D. via capac'n s 
and C,.. respectively, and the bases of th£ transistors 0 T2 and Q £2 are connected to the signal input terminal C 2 
via capacitors C 2 and C 3 , respectively. The differential signal is inputted via the terminals D 1 and D 2 . The collectors of 
the transistors Q T1 and Q E1 are connected as the common terminal to a signal output terminal 0 2 via a cascode 
connection transistor Q C1 , and the collectors of the transistors Qj 2 and Q E2 are connected as the common terminal to 
a signal output terminal via a cascode connection transistor Q^. 

[0020] Respective bias potentials of the transistors O^, Q^, Q E1 and Q E2 are supplied from the bias level control 
circuit 201 . It is assumed that the bias potential supplied to the transistors Op, and is V^. and the bias potential 
supplied to the transistors Q E1 and Q E2 is V^. The coefficient A of the equation (1 ) is determined by the value of the 
constant current source I, regardless of the value of V B2 . On the other hand, the coefficient B of the equation (3) 
depends on the value of V B3 . Therefore, the value of V B3 is adjusted so as to be B = A. As a result, the current char- 
acteristic causing no third-order intermodulation distortion is obtained from the equation (6). Additionally, the current 
source I, may be a variable current source. In this case, the current value of the current source l t may be adjusted so 
as to be B = A, or both and \ A may be adjusted so as to be B = A. 

[0021] As described above the voltage value V B or the current value of the current source I, is changed by the bias 
level control circuit. The value is adjusted to be optimum so that the equation (6) is obtained. However, in the alternative 
method, the optimum value of the emitter size or the optimum value of the number of transistors is estimated with 
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respect to the transistors Qj V Qj 2 , Q E1 and Q E2 in the design stage, and the bias level or I, is designed as the fixed 
source. 

[0022] FIG. 5 is s circuit diagram showing a concrete configuration of the bias level control circuit 201 of FIG. 4. The 
bias level control circuit 201 comprises a voltage source V 2 , variable current source l 2 . resistors R 3 , R 4 , R 5 , R 6 and 

s R 7 , and transistor Q B1 . The transistors Q T1 and are biased at fixed voltages of V 2 , R 6 and R 7 . The bias levels of 
the transistors Q E1 and Q E2 are generated by a mirror circuit comprising the variable current source l 2 , and resistors 
R 3l R 4 and R 5 , and transistor Q B1 . The collector bias currents of the transistors Q E1 and Q E2 are a current proportional 
to the current value I C1 of the variable current source l 2 . The coefficient A of the equation (1) is determined by the 
current value of the constant current source l v 

10 [0023] On the other hand, the coefficient B of the equation (3) depends on the current value I C1 . Therefore, the 
current value I C1 is adjusted so as to be B= A, whereby the current characteristic causing no third-order intermodulation 
distortion is obtained from the equation (6). Additionally, the current source I, may be a variable current source. In this 
case, the current value of the current source I, may be adjusted so as to be B = A, or both V B3 and I, may be adjusted 
so as to be B = A. 

75 [0024] As described above the current value l^ or the value of the current source I C1 is changed by the bias level 
control circuit, and the value is adjusted to be optimum so that the equation (6) is obtained. However, in the alternative 
method, the optimum value of the emitter size or the optimum value of the number of transistors is estimated with 
respect to the transistors Q T1 , Q T2 , Q E1 and Q H in the design stage, and the bias level or 1 1 is designed as the fixed 
source. 

20 [0025] FIG. 6 is a circuit diagram showing another example of the amplifier circuit according to the second embod- 
iment. Here, an inductor L, is used as a common load of the transistors Op, and Q E1 , and connected to the output 
terminal O, via a capacitor C^. A capacitor C 21 is used as the common load of the transistors and Q^, and 
connected to the output terminal O-, via an inductor L 2 . That is, 0 1 is a common output terminal with respect to a 
differential signal and a differential to single-phase conversion is achieved. 

25 [0026] Assuming that a signal frequency is f , values of the inductance L n and L 2 and capacitance C 21 and C 22 sat- 
isfying the following equation are selected. 

f._1 - 1_ (7) 

Then, a phase shifts by +/-90 degrees at the frequency f. As a result, an amplified signal with the same phase is 
outputted via the output terminal O v 

[0027] FIG. 7 shows an output signal spectrum by a solid line when a two-tone high-frequency signal is inputted to 
35 the circuit of the present invention described with reference to FIG. 4. Moreover, a major signal spectrum of a general 
differential circuit as a conventional circuit is shown by a broken line. Here, it is assumed that the circuit (FIG. 4) of the 
present invention and the conventional circuit have the same power consumption. The input signal includes two tones 
of 2.05 GHz and 2.055 GHz, and an input signal power is -1 0 dBm. In the circuit (FIG. 4) of the present invention, the 
output signal indicates 350 mV. This is an output power of 0 dBm or more. The third-order intermodulation distortion 
40 is generated in frequencies of 2.045 GHz and 2.06 GHz. However, the third-order intermodulation distortion is of the 
order of 40 uV in the circuit (FIG. 4) of the present invention. Therefore, the distortion indicates -78 dBc, and is very 
small for a large signal output. 

[0026] On tht other hand, in \te conventional circuit, the outp-*. ;s ot the order of 15C mV end the output oc./erL ' 
the order of -6 dBm. 

■45 [0029] In this case, the third-order intermodulation distortion of -23 dBc is generated at 10 mV, and this is a level 
which causes a practical trouble. These results reveal that the circuit (FIG. 4) of the present invention increases the 
output power with lespecl to the desired signal, and provides an effect of remarkably reducing the distortion as com- 
pared with the conventional circuit. 

[0030] FIG. 8 shows signal currents passed through the differential amplifier and common-emitter amplifier of the 
so amplifier circuit when an output signal spectrum during input of two tones of high-frequency Signal into the circuit of 
FIG. 4 is measured, and a signal spectrum of a current obtained by combining the signal currents by a common collector. 
Similarly as FIG. 7, assuming that the frequencies of the input signal are 2.05 GHz and 2.055 GHz, the third-order 
intermodulation distortion is measured at 2.045 GHz. 

[0031] When the third-order intermodulation distortion is noted, large values of both an output current (1) of the 
55 common-emitter amplifier and an output current (2) of the differential amplifier are generated, but these values are 
substantially equal to each other. On the other hand, the value of the combined current of these currents is a value 
extremely lower than the value of each of the output currents. This result is similar to a principle in which the distortion 
is offset by parallel connection of the amplifier having the exponential characteristic and the amplifier having the hy- 
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perbolic tangent function characteristic in equation (5). The measurement result shows that the amplifier circuit can 
be realized in a practically useful state. Furthermore, for the spectrum of 2.05 GHz of the desired signal, the combined 
current indicates an added value of the respective signal currents of the common-emitter amplifier and differential 
amplifier, and both amplifiers effectively strengthen each other with respect to the desired signal. 
[0032] FIG. 9 shows signal input/output characteristics of the circuit (FIG. 4) of the present invention and the con- 
ventional general differential circuit with the same power consumption. A solid line shows the desired signal and third- 
order intermodulation distortion characteristic in the circuit (FIG. 4) of the present invention, and a broken line shows 
the desired signal and third-order intermodulation distortion characteristic in the conventional circuit. The circuit (FIG. 
4) of the present invention shows a result of adjustment of a bias in order to obtain an optimum third-order intermod- 
ulation distortion characteristic for each signal input power. According to the result, in the circuit of the present invention, 
a gain of 10 dB is obtained, and an output power of 10 dBm or more is obtained. Even in this case, the third-order 
intermodulation distortion is -70 dBc or less and a very satisfactory characteristic is obtained. 
[0033] On the other hand, in the conventional circuit, the gain is as low as about 4 dB, the distortion is -1 0 dBc during 
output of 0 dBm, and the result is very bad as compared with the present invention. 

[0034] FIG. 10 is a circuit diagram showing a circuit configuration in which the second embodiment is applied to a 
mixer circuit. The transistors Q T1 and Q T2 comprises the differential transistor circuit, and the constant current source 
\ f1 comprises the common current source of the differential pair of transistors. The transistors Q E1 and Q E2 are common- 
emitter transistors and respective emitters thereof are grounded. The bases of the transistors Q T1 and Q E1 are con- 
nected to the signal input terminal D 1 via the capacitors C t and C 4 , respectively, and the bases of the transistors Q-^ 
and Q E2 are connected to the signal input terminal D 2 via the capacitors C 2 and C 3 , respectively. The differential signal 
is inputted via the terminals and D 2 . 

[0035] Transistors Q 1f Q 2 and Q 3 , Q 4 comprise respective differential pair of transistors, the bases of the transistors 
Q 1 and Q 4 are connected to a local oscillation signal input terminal LO^ and the bases of the transistors Q 2 and Q 3 
are connected to a local oscillation signal input terminal L0 2 . The differential signal is inputted via L0 1 and L0 2 . The 
collectors of the transistors Q T1 and Q E1 are connected as the common terminal to the signal output terminals O., and 
0 2 via common emitter of the transistors Q., and Q 2 , and the collectors of the transistors and Q E2 are connected 
as the common terminal to the signal output terminals 0 1 and 0 2 via the common emitter of the transistors Q 3 and Q 4 . 
[0036] The respective bias potentials of the transistors Q T1 , Q T2 , Q E1 and Q K are supplied from the bias level control 
circuit 201 . It is assumed that the bias potential supplied to the transistors Q T1 and is V B2 , and the bias potential 
supplied to the transistors Q E1 and 0 E2 is V^. The coefficient A of the equation (1 ) is determined by the value of the 
constant current source \ 1 regardless of the value of V B2 . On the other hand, the coefficient B of the equation (3) 
depends on the value of V B3 . Therefore, the value of is adjusted so as to be B = A, and the current characteristic 
causing no third-order intermodulation distortion is therefore obtained from the equation (6). Additionally, the current 
source I, may be a variable current source. In this case, the value of ^ may be adjusted so as to be B = A, or both V B3 
and I, may be adjusted so as to be B = A. 

[0037] As described above, the voltage value V B3 or the value of the current source l 1 is changed by the bias level 
control circuit, and the value is adjusted to be optimum so that the equation (6) is obtained. However, in the alternative 
method, the optimum value of the emitter size or the optimum value of the number of transistors is estimated with 
respect to the transistors Q T1 , O^, Q E1 and Q E2 in the design stage, and the bias level or ^ is designed as the fixed 
source. 

[0038] FIG. 11 shows a circuit diagram of another embodiment comprising the circuit configuration of FIG. 2. The 
transistors Q T1 and Q T2 comprise the complementary transistor circuit, the emitters of the transistors 0 T1 and G-^p.r? 
connected to impedance elements 2d 1 and ZC 2 , respectively, and the other ends of the impedance elements Zd, ar.u 
Zd 2 are connected to the variable current source l 1 . The variable current source ^ comprises the common current 
source of the differential pair of transistors. The transistors Q E1 and Q E2 are common -emitter transistors, the respective 
emitters thereof are connected to impedance elementsZd 3 and Zd 4 , respectively, and the other ends of the impedance 
elements Zd 3 and Zd 4 are grounded via the variable voftage source V n . The bases of the transistors Q T1 and Q E1 are 
connected to the signal input terminal and the bases of the transistors and are connected to the signal 
input terminal D 2 . The differential signal is inputted via the terminals D 1 and D 2 . The collectors of the transistors 
and Q E1 are connected as the common terminal to the signal output terminal l^^ and the collectors of the transistors 
Q T2 and are connected as the common terminal to the signal output terminal l out2 . 

[0039] The current value of the variable current souxe I., of the differential pair of transistors Q T1 and is set to 
I E1 . In this case, the coefficient A of the equation (1 ) substantially indicates a value of l EV On the other hand, the voltage 
value of the variable voltage source V n for determining the emitter potentials of the common-emitter transistors Q E1 
and is set to V E1 . Moreover, the signal input termcnals D 1 and D 2 are fixed at the predetermined bias potential 
VB1 , and the coefficient B of the equation (3) indicates a value determined by V B1 and -V E1 . The value of V E1 is adjusted 
so as to be B = A, and the current characteristic causing no third-order intermodulation distortion is obtained in the 
equation (6). 
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[0040] The impedance elements Zd 1 , Zd 2 , Zd 3 and Zd 4 function as degeneration elements in a usedfrequency band, 
VT in denominators of the equations (1 ) and (3) increases by a vottage generated at the degeneration elements, and 
therefore a fluctuation of Al to V ln can be reduced. As a result, even when V in is used together with the system of the 
present invention and further increases, the distortion can be inhibited. Additionally, only the impedance elements Zd, 

5 and Zd 2 or Zd 3 and Zd 4 may be disposed. 

[0041] As described above : the voltage value V E1 of the variable current source V„ is changed, and the value is 
adjusted to be optimum so that the equation (6) is obtained. However, in the alternative method, the optimum value of 
the emitter size or the optimum value of the number of transistors is estimated with respect to the transistors Q T1 , O^, 
Q E1 and Q E2 in the design stage, and \ A and are designed as the fixed sources. 

10 [0042] FIG. 12 is a circuit diagram of another embodiment comprising the circuit configuration of FIG. 4. The tran- 
sistors Q T1 , Qj2 comprise the complementary transistor circuit, the emitters of the transistors Q T1 , are connected 
to the impedance elements Zd., and Zd 2 , respectively, and the other ends of the impedance elements Zd n and Zd 2 are 
connected to the constant current source \ A . The constant current source ^ comprises the common current source of 
the differential pair of transistors. The transistors Q E1 and are common-emitter transistors, and the respective 

15 emitters thereof are grounded via the impedance elements Zd 3 and Zd 4 . The bases of the transistors On and Q E1 are 
connected to the signal input terminal D 1 via the capacitors C 1 and C 4 , and the bases of the transistors Q T2 and Q E2 
are connected to the signal input terminal D 2 via the capacitors and C 3 . The differential signal is inputted via the 
terminals and D 2 . The collectors of the transistors and Q E1 are connected as the common teiminalto the signal 
output terminal O-, via the cascode connection transistor Q C1 , and the collectors of the transistors and Q E2 are 

20 connected as the common terminal to the signal output terminal via the cascode connection transistor Qc 2 . 

[0043] The respective bias potentials of the transistors , Q^, Q& and Q K are supplied from the bias level control 
circuit 201. The bias potential supplied to the transistors O t1 and is V^, and the bias potential supplied to the 
transistors Q E1 and Q E2 is V B3 . The coefficient A of the equation (1) is determined by the value of the constant current 
source I, regardless of the value of V B2 . On the other hand, the coefficient B of the equation (3) depends on the value 

25 of V B3 . Therefore, the value of V B3 is adjusted so as to be B = A, and the current characteristic causing no third-order 
intermodulation distortion is therefore obtained from the equation (6). Additionally, the current source l t may be the 
variable current source. In this case, the value of l n may be adjusted so as to be B = A, or both and l n may be 
adjusted so as to be B = A. The impedance elements Zd 1t Zd 2 , Zdg and Zd 4 function as degeneration elements in the 
used frequency band, VT in denominators of the equations (1) and (3) increases by the voltage generated at the 

30 degeneration elements, and therefore the fluctuation of Al to V in can be reduced. As a result, even when V in is used 
together with the system of the present invention and further increases, the distortion can be cancelled. 
[0044] As described above the voltage value V B3 or the value of the current source \ A is changed by the bias level 
control circuit, and the value is adjusted to be optimum so that the equation (6) is obtained. However, in the alternative 
method, the optimum value of the emitter size or the optimum value of the number of transistors is estimated with 

35 respect to the transistors Q T1 , Q T2 , Q E1 and Q E2 in the design stage, and the bias level or I, is designed as the fixed 
source. 

[0045] FIG. 13 is a circuit diagram of another embodiment in which the present invention is applied to the single- 
phase signal input circuit. The trans istors Q T1 and Q T2 comprise the complementary transistor circuit, and the constant 
current source l n comprises the common current source of the differential pair of transistors. The transistor Q E1 is the 

40 common-emitter transistor and the emitter thereof is grounded. The bases of the transistors Q T1 andQ E1 are connected 
to the signal input terminal D, via the capacitors C 1 and C 2 , respectively, and the potential of the base of the transistor 
Or-, is fixed by the constant voltage sourct? V v A single-phase signal is inputted via the terminals D v i he collector of 
lheVansistorsQ T1 and G £l is the common ierminal having a load cJ an inductoi L n , and connected to the signal output 
terminal 01 via the capacitor C^. 

45 [0046] The respective bias potentials of the transistors and Q E1 are supplied from the bias level control circuit 
201 . The bias potential supplied to the transistor Q T1 is set to V B2 , and the bias potential supplied to the transistor Q E1 
is set to V B3 . The value of V B2 is set to be substantially the same as that of the bias potential V, of the transistor Q^. 
The coefficient A of the equation (1 ) is determined by the value of the current flowing through a resistor regardless 
of the value of V B2 . On the other hand, the coefficient B of the equation (3) depends on the value of V B3 . Therefore, 

50 the value of is adjusted so as to be B = A, and the current characteristic causing no thirdrorder intermodulation 
distortion is therefore obtained from the equation (6). 

[0047] As described above, the voltage value is changed by the bias level control circuit 201 , and the value is 
adjusted to be optimum so that the equation (6) is obtained. However, in the alternative method, the optimum value of 
the emitter size or the optimum value of the number of transistors is estimated with respect to the transistors Q71 , Q T2 
55 and Q E1 in the design stage, and the bias level is designed as the fixed source. 

[0048] FIG. 14 is a circuit diagram of another embodiment showing the concrete circuit configuration of FIG. 3. The 
transistors On and comprise the differential transistor circuit, and a transistor Q10 for the current source and a 
resistor R8 comprise the common current source of the differential pair of transistors. The transistors Q E1 and Q E2 are 
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common-emitter transistors, and the respective emitters thereof are grounded via transistors Q 9 and connected 
via the diode. Moreover, the emitters of the transistors Q E1 and are grounded via capacitors C s and C Q in a high 
frequency. The bases of the transistors and Q E1 are connected in common to the emitter of an emitter follower 
transistor Q 3 . The bases of the transistors Q T2 and Q E2 are similarly connected in common to the emitter of the emitter 
follower transistor Q t . The transistors Q 1 and Q 2 , and resistor R, comprise an emitter follower circuit, and the base of 
the transistor Q 1 is connected to the signal input terminal D 2 via the capacitor C 2 . Similarly, the transistors Q 3 and Q 4 , 
and resistor R 2 comprise the emitter follower circuit, and the base of the transistor Q 3 is connected to the signal input 
terminal via the capacitor C v The differential signal is inputted via the terminals D t and D 2 . The collectors of the 
transistors Qj 2 and Q E1 are connected as the common terminal to the signal output terminal l out1 . The inductor L 1t 
capacitor C 6 , and resistor R 7 are connected as a load in parallel with one another between the terminal l out1 and power 
source V^. The collectors of the transistors Q T2 and Q K are connected as the common terminal to the signal output 
terminal l out2 . The inductor L^, capacitor C 7; and resistor R 9 are connected as the load in parallel with one another 
between the terminal l out2 and power source V cc . 

[0049] The respective bias potentials of the paired transistors Q T1 and Q E1 , and Q T2 and Q K are controlled by base 
potentials of the emitter follower transistors"^ arid Q 3 ~ respectively. The base potential is controlled by the current l 2 
flowing through a current mirror circuit connected to the transistors via resistors R 5 and R 4 . Here, the current mirror 
circuit comprises the current source l 2 , resistor R 6 , transistors Q 6 , Q 7 and Q 8 , and capacitor C 4 . 
t0050] The current flowing through the transistors Qp, and is controlled by the base potential of the transistor 
Q10 for the current source, and the base of the transistor is connected to the current mirror circuit configured by a 
current source l 3 , transistor Q 12 , resistor R 10: and capacitor Cg. Therefore, the current flowing through the transistors 
Q T1 and Q-^ is controlled by the current value of the current source l 3 . The coefficient A of the equation (1 ) is determined 
by a control current value of the current source l 3 , and the coefficient B of the equation (3) is determined by the control 
current value of the current source l 2 . Therefore, the current source l 3 is adjusted in order to obtain a desired output 
power, and the current source l 2 is adjusted in order to remove the distortion by the output power. Thereby, the condition 
of B = A is satisfied during outputting of a desired signal, the distortion term is cancelled from the equation (6), and the 
current characteristic can be obtained in which the third-order intermodulation distortion is cancelled. 
[0051] The method of adjusting the current sources 12 and 13, changing the base bias levels of the transistors Qj v 
Q E1 , Qj2 and Q E2 and the current values of the transistors OT1 and QT2 and obtaining the optimum value in the 
equation (6) has been described above. However, there is another method of estimating the optimum value of the 
emitter size or the optimum value of the number of transistors with respect to the transistors Qp,, Q E1 Q T2 and Q E2 in 
the design stage, and using the current sources l 2 and l 3 as the fixed sources. 

[0052] FIG. 15 is a block diagram showing the basic configuration of the amplifier circuit according to a third embod- 
iment. In FIG. 15 the signal is inputted via the terminal V in , and outputted via the terminal V^. The amplifier circuit of 
the third embodiment comprises two amplifiers connected in parallel with each other, and the signal input terminal and 
signal output terminal are common with the circuits. One of the two amplifiers is the exponential circuit 101 whose 
signal input/output characteristic (voltage signal input-to-current signal output characteristic) is substantially the expo- 
nential characteristic, and the other is the tanh circuit 102 which substantially has the hyperbolic tangent function 
characteristic. 

[0053] The present circuit configuration comprises the bias level control circuit 201 configured to control the bias 
voltages to be supplied to the two amplifiers, and a signal peak detector 301 that detects a peak value of the signal. 
At least one of a signal input section and signal output section inputs a signal value to the signal peak detector 301 . 
and a control signal is inputted to the bias level control circuit 201 in accordance with the signal value. BaacC on , ■ - 
result, the bias voltages to be supp.ied to lUe two amplifiers are Determined. According to the third embodiment, tor 
the bias potential of the amplifier, even when the input signal power changes, an optimum bias potential is automatically 
supplied, and a satisfactory output signal with a suppressed distortion can be obtained. 

[0054] FIG. 16 is a block diagram showing the basic configuration of the amplifier circuit according to a fourth em- 
bodiment. In FIG. 1 6 the signal is inputted via the terminal V in , and outputted via the terminal V^. The amplifier circuit 
of the fourth embodiment comprises two amplifiers connected in parallel with each other in which the signal input 
terminal and signal output terminal are common with the circuits; and a variable amplifier 402 connected in cascode 
(tandem) with outputs of two amplifiers. One of the two amplifiers is the exponential circuit 101 whose signal input/ 
output characteristic (voltage signal input current signal output characteristic) is basically the exponential characteristic, 
and the other is the tanh circuit 102 which basically has the hyperbolic tangent function characteristic. 
[0055] The present circuit configuration comprises the bias level control circuit 201 configured to control the bias 
voltages to be supplied to the two amplifiers, and a gain controller 401 configured to control a gain. The control signal 
is inputted via a control signal input terminal CTRL^, and a gain control signal is inputted to the bias level control circuit 
201 and variable amplifier 402 in response to the inputted control signal. As a result, the bias voltage to be supplied 
to the two amplifiers is determined in accordance with the gain control. According to the fourth embodiment, for the 
bias potential of the amplifier, even when the output signal power changes, an optimum bias potential is constantly 
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supplied, and the satisfactory output signal with the suppressed distortion can be obtained. 



Claims 

1 . An amplifier circuit characterized by comprising: 

differential amplifier means (102) configured by a differential pair of transistors; 

common emitter amplifier means (101) connected in parallel to the differential amplifier and configured by a 
pair of common-emitter configuration transistors; 

input and output terminal means (Vin, Vout) which are common to the differential amplifier and the common 
emitter amplifier, an input signal being input to the input terminals and an output signal output from the output 
terminal; and 

bias control means (201 ) for controlling a bias of at least one of the differential amplifier means and the common 
emitter amplifier means. 

2. An amplifier circuit according to claim 1 , characterized in that the bias control means (201) controls the bias of 
the common emitter amplifier means (101) to suppress third-order intermodulation distortion of the differential 
amplifier means (102) with an output current of the common emitter amplifier. 

3. An amplifier circuit according to claim 1 , which includes peak detecting means (301) for detecting a peak value of 
at least one of the input signal and the output signal. 

4. An amplifier circuit according to claim 1 , which includes a pair of impedance elements (Zd1 , Zd2) connected to 
the emitters of at least one of the differential pair of transistors (Op,, Q T2 ) and the pair of common-emitter config- 
uration transistors (Q E1 , Q^)- 

5. An amplifier circuit according to claim 1 , which includes a pair of capacitors (C1 , C2) connected between the input 
terminals and bases of the differential pair of transistors (Qj V O^), and a pair of capacitors (C3, C4) connected 
between the input terminals and bases of the common-emitter configuration transistors (Q E1; Q E2 ). 

6. An amplifier circuit according toclaim 5, characterized by further includinga pair of cascode-connected transistors 
each of which is connected between the output terminal and a node of a collector of one of the differential pair of 
transistors (Q T1 , Q T2 ) and a collector of one of the pair of common-emitter configuration transistors (Q E1 , Q E2 ). 

7. An amplifier circuit according to claim 5, characterized in that the bias controller comprises a bias level controller 
configured to apply a bias to at least one of the base of the differential pair of transistors (Qj, } Qj 2 ) and tne base 
of the pair of common-emitter configuration transistors (Q E1 , Q^), and a current source connected to emitters of 
the differential pair of transistors. 

8. An amplifier circuit according to claim 7, characterized in that the bias level control means (201) applies a fixed 
bias level «o the bases of the differential pair of transistors (Q T1 , Q TZ ) and a controllab'e bias level to the oases of 
the pair of common-emitter configuration transistors (Q E1 , Q^). 

9. An amplifier circuit according to claim 7, characterized in that the bias control means (201) includes a pair of first 
impedance elements (Zd1, Zd2) connected to emitters of the differential pair of transistors (Q^, Q^), a pair of 
second impedance elements (Zd3, Zd4) connected to emitters of the pair of common-emitter configuration tran- 
sistors (Op,, Qjg), and a current source (11) connected between the first impedance elements and a ground. 

10. An amplifier circuit according to claim 7, characterized in that the bias level control means (201) applies a fixed 
bias level to the bases of the pair of common -emitter configuration transistors (Q E1 , Q E2 ) and a controllable bias 
level to the bases of the differential pair of transistors. 

11. A mixer device comprising an amplifier circuit of claim 7 and an additional differential amplifier (Q1 , Q2, Q3, Q4) 
connected between a node of the differential amplifier means and the common emitter amplifier means and the 
output terminal. 

12. An amplifier circuit according to claim 5, characterized by further including a first inductor (L1) connected to a 
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first node of one of the differential pair of transistors (Q T1l Oj 2 ) and one of the pair of common-emitter configuration 
transistors (Q E1l 0 E2 )*as a load common to them, a first capacitor (C21) connected between the first node and 
the output terminal., a second capacitor (C22) connected to a second node of the other of the differential pair of 
transistors and the other of the pair of common-emitter configuration transistors as a load common to them, and 
a second inductor (L2) connected between the second node and the output terminal. 

1 3. An amplifier circuit according to claim 1 , characterized in that the bias control means (201 ) includes a pair of first 
impedance elements (Zd1, Zd2) connected to emitters of the differential pair of transistors (Q^, a pair of 
second impedance elements (Zd3, Zd4) connected to emitters of the pair of common-emitter configuration tran- 
sistors (Qj^ Oyg), a variable current source (11) connected between the first impedance elements and a ground, 
and a variable voltage source (V11) connected between the second impedance elements and the ground. 

14. An amplifier circuit according to claim 1, which includes a variable amplifier (402) connected to output terminals 
of the differential amplifier means (102) and the common-emitter amplifier means (101) and gain control means 
(40*1) connected to the variable amplifier and the bias control means (201) for controlling gains of the variable 
amplifier and the bias control means. 

15. An amplifier circuit according to claim 1, which includes a pair of impedance elements connected to the emitters 
of at least one of the differential pair of transistors (Q^ , 072) and the pair of common-base configuration transistors 

(QE1.QE2>- 

16. An amplifier circuit according to claim 1. characterized in that the third-order intermodulation distortion of the 
differential amplifier means (102) substantially equals to that of the common-emitter amplifier means (101), and 
the phase of the differential amplifier is substantially reverse to that of the common-emitter amplifier. 

17. An amplifier circuit comprising: 

differential amplifier means configured by a differential pair of transistors (O^,, O^); 

a common-emitter configuration transistor (Q E1 ) connected to the differential amplifier means; 

an input terminal (D1) and an output terminal (01) which are common to the differential amplifier means and 

the common-emitter transistor, an input signal being input to the input terminal and an output signal output 

from the output terminal; and 

bias level control means for applying a first bias to the base of one of the differential pair of transistors and a 
second bias to the base of the common-emitter configuration transistor, the bias level control means including 
a current source (R n ) connected to emitters of the differential pair of transistors. 

18. An amplifier circuit comprising: 

first amplifier means (102) whose input-to-output characteristic indicates a hyperbolic tangent function char- 
acteristic; 

second amplifier means (1 01 ) whose input-to-output characteristic indicates an exponential characteristic, the 
second amplifier means being connected in parallel to the first amplifier means; 

inpui dnd output terminals (Vin, Vout) which are common to tne differential amplifier means and tne commcn 
emitter amplifier means; and 

bias control means (201) connected to the first and second amplifier means for controlling a bias of at least 
one of the first and second amplifier means. 

19. An amplifier circuit according to claim 1 8 : characterized in that the first amplifier means is configured by a differ- 
ential amplifier (102) and the second amplifier means by a common-emitter amplifier (101). 
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